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I.  INTRODUCTION 


•During  tha  pant  decade  it  has  become  apparent  that  energetic  electrons 
(>  10  keV)  play  a  major  role  in  the  solar  flare  process.  Especially  during 
the  impulsive  phase,  they  sees  to  carry  a  substantial  part  of  the  released 
flare  energy  and  transport  it  to  the  sources  of  X-ray,  EUV,  optical  and  radio 
emissions  (Kane  at  al. ,  1980).  The  properties  of  these  energetic  electrons 
can  be  deduced  through  observations  of  the  hard  X-ray  brensstrahlung  they 
produce  as  they  interact  with  the  aabient  solar  ataosphare.  Therefore  a  High 
Energy  X-Ray  Monitor  (HEM)  was  Included  in  the  Aerospace  Corporation  solar 
instrument  package  aboard  the  U.  S.  Air  Force  P78-1  satellite. 

Since  the  launch  of  P78-1  on  24  February  1979,  the  KM  has  recorded  many 
large  and  snail  hard  X-ray  bursts  associated  with  solar  flares.  As  in  the 
case  of  nost  instruments,  proper  interpretation  of  these  observations  depends 
critically  on  our  understanding  of  the  response  characteristics  of  the  HEM  to 
the  variety  of  X-ray  spectra  produced  in  solar  flares.  This,  in  turn, 
requires  an  analysis  of  the  computed  and  observed  response  in  the  laboratory 
prior  to  the  launch  as  well  as  possible  changes  in  the  detector  gain  during 
and  after  the  launch.  Since  no  on-board  calibration  source  is  available  for 
in-flight  calibration  of  the  EDI,  it  is  necessary  to  compare  the  KM 
observations  of  solar  flares  with  simultaneous  observations  made  with  another 
comparable  instrument  for  which  in-flight  calibration  is  available.  One  such 
instrument,  the  X-Ray  Spectrometer  aboard  the  I  SEE-3  (international  Sun  Earth 
Explorer-3)  spacecraft  (Kane  at  al..  1982),  was  in  operation  at  the  time  of 
the  launch  of  P78-1  and  has  several  simultaneous  flare  observations  with  the 
KM.  Seven  of  these  flare  observations  have  now  been  analyzed.  The  purpose 
of  this  report  is  to  present  tha  results  of  that  analysis  relevant  to  the 
response  characteristics  of  tha  BM  for  solar  flare  observations. 


II.  INSTRUMENTATION 


The  MONEX  High  Energy  X-Ray  Monitor  (HEM)  is  a  part  of  The  Aerospace 
Corporation's  X-ray  experiment  package  on  the  U.  S.  Air  Force  Space  Test 
Program  satellite  P78-1.  It  has  been  described  earlier  by  Landecker,  McKenzie 
and  Rugge  (1979)  and  Landecker  jat  al.  (1979).  The  HEM  consists  of  a 
proportional  counter,  28.7  cm2  in  effective  area  and  filled  with  a  mixture  of 
97Z  Xenon  and  3Z  C0£  to  a  pressure  of  3.0  atm.  The  entrance  window  is  made  of 
0.11  cm  thick  aluminum  and  is  designed  to  absorb  the  incident  flux  of  X— rays 
of  energy  less  than  10  kaV.  The  spectral  resolution  is  -  10Z  FWHi  for  -  22 
keV  X-rays.  The  nominal  X-ray  energy  range  of  11-140  keV  is  covered  witn  six 
energy  channels  (Table  1).  The  exact  value  of  the  X-ray  energy  range  depends 
on  the  detector  gain.  The  high  voltage  across  the  counter  and  hence  its  gain 
can  be  set  to  one  of  two  possible  values,  "normal"  or  "high,"  through  ground 
commands.  The  ratio  of  gains  (measured  prior  to  launch)  at  "high"  vs. 
"normal"  high  voltage  equals  1.63.  Except  for  the  short  period  from  26 
February  (0800  UT)  to  10  March  (0506  UT)  1981,  the  high  voltagr  was  set  to  the 
"normal"  value. 

HEM  measures  the  X-ray  flux  from  the  whole  solar  disc.  The  time 
resolution  for  the  integral  flux  of  11-140  keV  X-rays  is  0.032  sec;  a  six- 
channel  differential  X-ray  spectrum  is  also  measured  in  this  energy  range  with 
1.024  sec  time  resolution. 

In  order  to  deduce  the  incident  X-ray  spectrum  from  the  observed  counting 
races  of  the  six  energy  channels,  it  is  necessary  to  know  the  corresponding 
geometry  factors  (cm2  kaV).  In  general,  the  geometry  factors  depend  on  the 
detector  geometry,  gas  filling,  and  entrance  window  as  well  as  the  detector 
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gain,  spectral  resolution  and  tne  hardness  or  tne  X-ray  spectrum.  The 
geometry  factors  for  the  six  energy  channels  have  been  computed  for  thermal 
spectra  with  different  temperatures  and  non-thermal  (power  law,  ~  E~Y)  spectra 
with  different  spectral  exponents.  These  calculations  have  been  performed  for 
a  variety  of  detector  gains  between  0.3  and  1.0,  the  gain  of  1.0  corresponding 
to  the  nominal  values  of  the  X-ray  energy  channels  given  in  Table  1.  As  an 
example,  Fig.  1  shows  the  geometry  factors  for  the  values  of  the  power  law 
spectral  index  y  between  1  and  6,  for  the  case  of  the  detector  gain  being 
0.56.  It  can  be  seen  that,  in  general,  the  geometry  factor  varies  with  . 
However,  for  the  first  five  energy  channels  this  dependence  on  y  Is  relatively 
small  (<  30%)  provided  1  <  y  <  5.  On  the  other  hand,  the  geometry  factor  for 
the  sixth  (highest  energy)  channel  increases  by  as  much  as  a  factor  of  -  5.6 
for  an  increase  in  y  from  1  to  5.  This  is  due  to  a  spillover  from  the  lower 
energy  channels  when  the  input  X-ray  spectrum  is  steep. 


GEOMETRY  FACTOR  (cm^KeV)  FOR  CH-I.2.3.4,5 


GEOMETRY  FACTOR  (cm2  KeV)  FOR  CH-6 


III.  OBSERVATIONS 


The  P78-1  satellite  was  launched  on  24  February  1979.  Since  then  the  HEM 
has  observed  many  solar  X-ray  bursts.  Examples  have  been  published  earlier 
(cx.  Landecker  and  McKenzie,  1981,  and  references  therein).  For  the  present 
study  it  was  necessary  to  select  events  which  were  most  suitable  for  obtaining 
the  in-flight  calibration  and  response  characteristics.  Specifically  the 
selection  was  based  on  the  following  criteria: 

1.  Negllble  contamination  of  the  HEM  data  from  the  earth's  radiation 
belts. 

2.  Simultaneous  observations  by  ISEE-3  available. 

3.  Peak  X-ray  flux  large  enough  so  that  X-ray  spectra  could  be  deduced 
from  both  HEM  and  ISEE-3  instruments. 

4.  Events  to  cover  a  wide  range  of  peak  X-ray  fluxes. 

5.  Events  to  be  well  distributed  in  time  of  occurrence. 

The  last  two  criteria  were  designed  so  that  a  possible  dependence  of  the 
HEM  response  on  the  magnitude  and  spectrum  of  Incident  X-ray  flux  and  on  the 
time  elapsed  since  launch  could  be  examined.' 

During  the  period  March  1979  -  June  1980  six  events  were  found  to  satisfy 
these  criteria.  At  the  time  of  these  events  the  high  voltage  was  set  to  the 
MnormalM  value.  We  selected  an  additional  event,  on  26  February  1981,  for 
which  the  high  voltage  was  set  to  the  ’"nigh"  value.  In  this  way  it  was  hoped 
that  the  effect  of  high  voltage  setting  on  the  detector  gain  could  also  be 
examined . 
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Table  2 


EVENTS  USED  FOR  IN-FLIGHT  CALIBRATION  OF  THE  ffiM 

Flare  High  Deduced  Gain 

Time  of  X-Ray  Peak  Race  (Counts/ Sec)  Volcage  (fraction  of 


Dace 

Max  (UT) 

Class 

Ch-1 

Ch-2 

CH-3 

Total 

Setting 

nominal) 

3 

Apr 

1979 

0417:17 

M4 

833 

1601 

1051 

4005 

Normal 

0.72 

27  Apr 

1979 

0646:07 

XI 

4486 

3272 

1364 

9910 

Normal 

0.62 

5 

Nov 

1979 

2149:01 

M4 

2678 

1828 

692 

5591 

Normal 

0.62 

9 

Nov 

1979 

0304:43* 

M9 

3986 

4035 

1994 

11953 

Normal 

0.62 

29 

Mar 

1980 

0918:13 

C9 

2223 

2567 

1063 

6479 

Normal 

0.56 

7 

Jun 

1980 

0312:15 

M7 

3136 

3359 

1399 

8948 

Normal 

0.56 

26 

Feb 

1981 

1425:18* 

XI  .8 

4792 

4602 

1759 

12136 

High 

0.47 

*May  not  be  true  maximum. 
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figure  2:  BM  counting  rates  (counts/1  *024  s)  plotted  ss  s  function 

of  tins  for  the  X-rsjr  flnrs  of  3  April  1979*  Bach  data  point  for 
rfiMwi  a  is  plotted  as  a  snail  nunsral  n.  Starting  at  about  01 
04*25  charged  particle  bdekgrouad  doninates  tbs  counting  rate. 
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IV.  DETECTOR  GAIN 


A  preliminary  comparison  of  ehe  HEM  and  I SEE-3  observations  showed  that 
the  HEM  was  responding  co  much  higher  energy  X-rays  than  Chose  expected  from 
Table  1 .  This  indicated  chat  the  HEM  detector  gain  decreased  substantially 
after  the  launch.  Moreover,  in  large  flares,  the  gain  appeared  to  change  with 
time  during  a  single  event  if  the  X-ray  flux  was  above  a  certain  value.  Since 
there  is  no  indicator  of  the  detector  gain  in  the  HEM  data,  the  following 
procedure  was  adopted  for  deducing  the  true  gain  and  hence  the  X-ray  energy 
response . 

1.  In  each  of  the  seven  events  in  Table  2,  two  times  were  selected  at 
which  the  X-ray  fluxes  were  large  enough  so  that  the  X-ray  spectrua  could  be 
obtained  from  the  ISEE-3  observations .  These  times  were  usually  close  co  the 
X-ray  maximum.  In  order  to  obtain  good  statistical  accuracy,  4-sec  averages 
of  the  X-ray  data  were  used  in  most  cases.  As  suggested  by  the  earlier 
observations  made  with  other  spacecraft  (cf.  Kane  and  Anderson,  1970;  Frost 
and  Dennis,  1971),  the  X-ray  spectrum  incident  on  the  detector  was  assumed  co 
be  a  double  power  law  of  the  form 

Kj  B^Y1  for  E  <  EQ  keV 

Kj  e"y2  for  E  >  Eq  keV 

-2  -1  -1 
photons  cm  sec  keV  , 

Cy2"V 

where  K2  ■  Kj  Eq  •  The  counting  rates  of  the  twelve  X-ray  energy 

channels  of  the  ISEE-3  instrument  due  to  the  above  incident  X-ray  spectrum 

were  computed  on  the  basis  of  the  known  response  characteristics.  The  four 

parameters  Kp  y^,  y^  “d  Eg  °*  th*  Incident  spectrum  were  varied  until  the 

2 

best  possible  agreeaent  (ss  indicated  by  x  )  could  ba  obtained  between  the 


IMpKat  ww  observed  counting  sates.  For  a  graphical  presentation  of  the 
observed  epectrvai,  the  I SEE-3  counting  rates  were  divided  by  the  corresponding 
geometry  factors  to  give  the  X-ray  flux  in  photons  ca’“  sec“^  keV”1  (“ISEE-3 
X-rsy' spec  true"). 

2.  The  incident  X-ray  epoctrum  thus  deduced  from  the  ISEE-3 
measurements  was  need  to  obtain  the  relevant  spectral  index  and  the 
corresponding  geoeetry  factor  for  each  of  the  six  x-ray  energy  channels  of  the 
HEM  instrument  for  so  assumed  value  of  the  HEM  detector  gain.  The  "HEM  X-ray 
spectrum”  was  then  Stained  by  dividing  the  observed  counting  rates  by  the 
corresponding  geometry  factors. 


s  3.  .  the  "HEM  X-ray  spec t run"  wee  coopered  with  the  "ISEE-3  X-rey 
spectrum"  by  plotting  the  two  together  on  a  log-log  plot  of  photon  flux  ve. 
photon  energy,  in  caea  of  a  disagreement  between  the  two  spectre,  a  different 


value  wm 


for  the  gain  of  the  HEM  detector  and  the  geometry  factors 


were  recomputed,  this  .procedure .was,  repeated  until  a  satisfactory  agreement 
wm  obtained  between  the  ISEE-3  and  HEM  X-rey  spectre.  Whether  the  agreement 
is  satisfactory  or  net  erne  based  on  a  visual  inspection  of  the  KM  date  point# 
relative  to  the  ISEE-3  X-ray  spectrum.  This  was  considered  adequate  for  the 
present  purpose  because  of  the  uncertainties  in  the  deduced  X-rey  spectrum  due 
to  the  lower  spectral  resolution  of  tho  ISEE-3  Instrument  and  the 
ottcerteintiie  in  the  KM  instrument,  such  as  possible  changes  in  the  spectral 
resolution  after  the  launch. 


Figures  9 


15  show  the  results  for  tho  seven  solar  flare  events 


mentioned  in  Thole  2,  In  tads  case  the  assumed  value  of  the  HEM  detector  gain 


IS  also  indicated.  This  Ms  the  gain  for  which  a  satisfactory  agraamant  could 
hi  found  between  the  X SEX-3  end  KM  X-ray  spectra,  The  solid  lino  reprasents 
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SOLAR  X-RAYS  -  9  NOV  1979 
(P78-1  GAIN  *0.62) 


Figure  12:  X-ray  spacera  froa  a  flara  on  9  Noveaber  1979,  aa  aaaaurad  by  tha 
HEM  and  tha  ISKX-3  dataetora.  Tha  HEM  gain  waa  0*62  tiaaa  tha 
prelaunch  value* 
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SEC"1  «*/*') 


PHOTON  ENERGY  E(KW) 


rigor*  IS:  X-ray  apaetra  froa  *  flora  on  26  February  1981,  u  aaaaurad 
tha  BM  and  ISH-3  dataceora.  Dm  BH  oas  in  eha  high  gala 
at  thla  tlaa.  Dm  gala  of  0*76  tlaaa  cha  pralauach  ralua  o 
•pood a  to  a  aoraal  aoda  gala  of  0.47. 


the  X-ray  spectrum  deduced  item  the  ISEE-3  aaaaureaaate .  The  dashed  line  is 
an  extrapolation  of  that  spectrum  to  X-ray  eaerglea  below  25  keV.  la  geaeral 
there  ie  a  good  agreeaent  between  the  ISEE-3  and  XI-1  spectra.  In  cases  where 
the  lower  one  or  two  energy  channels  of  HEM  fall  on  one  side  of  the 
extrapolated  ISEE-3  spectrua,  as  tor  example  in  Fig.  9,  it  is  possible  that 
the  true  X-ray  spectrua  itself  is  different  froa  the  extrapolated  spectrua. 

From  the  aoove  comparison  it  is  clear  that  the  HEM  detector  gain 
decreased  substantially  after  the  launch  of  P78-1.  On  3  April  1979,  about 
five  weeks  after  the  launch,  the  gain  was  -  72X  of  its  pre- launch  value. 
Subsequently  the  gain  decreased  systematically  with  tiae,  being  -  S6Z  of  its 
pre-launch  value  on  7  June  1980.  On  26  February  1981  the  gain  was  -  76Z  of 
its  pre-launch  value.  But  this  high  value  was  due  to  the  Increased  high 

voltage  across  the  detector  at  that  tiae.  If  the  nominal  pre-launch  gain 

* 

ratio  of  1.63  is  used,  then  the  iaplied  gain  on  26  February  1981  was  47%.  The 
gain  as  a  function  of  tiae  is  shown  in  Table  2. 


V.  saturation  effects 


Two  flare  events  in  Table  2,  vis.  9  November  1979  and  26  February  1981, 
produced  total  peak  counting  rates  in  the  HEM  detector  which  were  in  excess  o£ 
iO4  counts/sec.  The  E-ray  spectra  shown  earlier  in  Figs.  12  and  15  were 
obtained  at  tines  when  the  total  counting  rates  were  much  lower. 

Fig.  16  shows  a  comparison  of  the  Id  and  I  SEE- 3  E-ray  spectra  at  tines 
of  nigh  counting  rates  in  the  26  February  1981  event.  Although  the  value  of 
the  gain  used  in  Fig.  16  is  the  sane  as  that  in  Fig.  15,  all  the  HEM  data 
points  fall  substantially  below  the  ISEE-3  E-ray  spectra.  This  indicates  a 
decrease  id  the  HEM  detector  gain  at  high  counting  rates.  A  similar  effect 
was  found  in  the  9  November  1979  event. 

In  order  to  determine  the  critical  counting  rate  above  which  the  ISM 
detector  gain  may  decrease  substantially,  the  HEM  counting  rates  in  the  9 
November  1979  event  were  plotted  against  the  counting  race  of  26-43  keV  E-rays 
recorded  simultaneously  by  ISEE-3.  The  result  is  shown  in  Fig.  17.  Four  HEM 
channels  covering  18-59  kaV  X-rays,  are  shown  separately.  The  two  channels, 
23.6  -  32.7  keV  and  32.7  -  44.7  keV,  are  closest  in  energy  to  the  ISEE-3  X-ray 
channel.  The  time  interval  covered  is  0304:05  -  0304:53  UT,  which  corresponds 
to  the  rise  of  the  X-ray  flux  to  its  maximum  value. 

From  Fig.  17  it  can  be  seen  that  the  relationship  between  the  KM  and 
ISEE-3  counting  races  is  linear  for  the  23.6  -  32.7  kaV  channel  counting  rates 

<  2  x  10*  counts/sec.  The  corresponding  total  counting  rate  of  the  KM  was 

<  5.5  x  10*  counts/sec.  At  higher  rates  the  HEM  -  ISEE-3  relationship  begins 
to  be  non-linear.  This  could  be  partly  due  to  changes  in  the  incident  X-ray 
spectrum.  At  total  KM  races  >  10*  counts/ sec  tne  HEM  response  is  saturated 
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X-RAY  RA 


26-43  KtfV  X-RffiTS  RATE  (courtsAec) 

(I  SEE-3) 

figure  17 1  11m  HBM  counting  ritu  plotted  against  tha  180*3  dattetor  count- 

lag  rat*  during  a  aajor  solar  flara.  lha  OK  counting  rates  sra 
saturated  whan  tha  energy integrated  rate  eaceeds  1(T  s'. 
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and  even  undergo**  a  decrease.  Sine*  the  HEil  counting  electronics  has  baan 
designed  eo  handla  avail  higher  counciog  raeaa,  cha  saturation  affact  is 
probably  caused  by  a  dacraasa  in  tha  MEM  dataetor  gain.  This  is  a  wall  known 
affact  of  spacs  charga  build-up  which  is  especially  bad  for  a  proportional 
counter  containing  a  heavy  gas  (Xs)  at  high  pressure  (3  atmospheres)  (Culhane 


VI.  LIMITATIONS  Of  THE  PRESENT  ANALYSIS 

Before  eh*  performance  of  che  HEM  can  be  properly  evaluated,  le  is 
Important  to  point  out  the  following  limitations  of  che  present  analysis: 

1.  The  “standard”  detector  used  for  the  in-flight  calibration  is  che 
Nal(Tl)  scintillator  on  the  ISEE-3  spacecraft.  The  scintillator  oas  an 
effective  area  of  -  24  cm^,  comparable  to  the  HEM  detector  area,  and  a  large 
dynamic  range.  However  the  spectral  resolution  of  the  ISEE-3  scintillator  is 
lower  than  that  of  the  HEM  proportional  counter  by  a  factor  of  -  2.  The  X-ray 
spectrum  deduced  from  the  ISEE-3  measurements  has  therefore  a  much  larger 
uncertainty  than  that  deduced  from  proportional  counter  measurements  over  a 
comparable  energy  range. 

2.  The  Incident  X-ray  spectrum  has  been  assumed  to  be  a  double  power 
law.  The  true  solar  flare  spectrum  could  have  a  different  shape  (e.g.,  mulcl- 
theraal  or  thermal  plus  power  law).  In  that  case  the  procedure  used  here  for 
comparing  the  HEM  and  ISEE-3  instruments  may  not  be  completely  valid. 

3.  Although  the  gain  of  the  HEM  detector  seems  to  have  decreased  after 
launch,  the  spectral  resolution  of  the  detector  has  been  assumed  to  have 
maintained  its  pre-launch  value.  A  change  in  the  spectral  resolution  could 
affect  the  deduced  gain  of  the  detector  significantly.  The  resolution  of  the 
detector  has  an  important  Impact  on  the  geometry  factor  at  high  y.  The 
workability  of  the  present  analysis  may  argue  for  the  accuracy  of  the 
assumptions  regarding  resolution. 

The  present  analysis  represents  a  reasonable  effort  to  deduce  the  HEM 
detector  gain  on  the  basis  of  the  pre-launch  characteristics  of  the  HEM  and  a 
simple  comparison  of  toe  HEM  and  ISEE-3  observations  of  seven  solar  X-ray 
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burses*  A  more  sophisticated  analysis  could  involve  extensive  computer 
simulation  and  analysis.  In  view  of  the  uncertainties  and  limitations 
mentioned  above,  it  appears  doubtful  that  such  an  extensive  analysis  will 
necessarily  yield  a  more  accurate  evaluation  of  the  instrument  performance. 
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VII.  SUMMARY  AND  CONCLUSIONS 


The  principal  results  obtained  from  this  study  are  summarized  as  follows: 

1.  The  gain  of  the  HEM  detector  decreased  monotonically  and 

substantially  after  the  launch  of  the  P78-1  satellite.  About  5 
weeks  after  the  launch,  the  gain  was  ~  72%  of  its  pre-launch 

value.  About  15  months  after  the  launch  the  gain  was  ~  56%. 

2.  The  detector  response  seems  to  saturate  at  total  counting  rates 

>  104  counts/sec.  This  is  probably  caused  by  a  decrease  in  the 
detector  gain  at  high  counting  rates. 

3.  The  instrument  gain  was  observed  to  Increase  with  increasing  applied, 
high  voltage,  as  expected. 

The  variation  of  detector  gain  after  the  launch  is  not  uncommon  in  space 
instrumentation,  especially  in  proportional  counters.  The  relatively  small 
race  of  the  long-term  variation  of  the  detector  gain  indicates  chat  there  is 
no  significant  leakage  of  the  fill  gas,  and  is  possibly  caused  by  anode 
degradation.  The  instrument  is  found  to  respond  well  to  the  changes  in  the 
nigh  voltage.  Tne  counting  electronics  are  apparently  functioning  well.  The 
saturation  effect  at  large  counting  rates  is  also  common  to  most  proportional 
counters  and  is  therefore  expected  to  occur.  To  summarize,  the  HEM  instrument 
survived  the  spacecraft  launch  very  well.  Except  for  the  change  la  the 
detector  gain,  the  performance  of  the  Instrument  is  found  to  be  satisfactory 
and  hence  the  HEM  measurements  are  expected  to  be  useful  for  the  study  of  many 
small  and  medium  intensity  solar  X-ray  bursts. 
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